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REMARKS 



This Preliminary Amendment is submitted to improve the form of the English translation 
as filed. It is respectfully requested that this Preliminary Amendment be entered in the above- 
referenced application. 

In accordance with the foregoing, claims 1-13 have been canceled and claims 14-26 
have been added. Thus, claims 14-26 are pending and are under consideration. 

A substitute specification is also being filed herewith. The substitute specification is 
accompanied by a marked-up copy of the original specification. No new matter has been added. 

If there are any questions regarding these matters, such questions can be addressed by 
telephone to the undersigned. Otherwise, an early action on the merits is respectfully solicited. 

If any further fees are required in connection with the filing of this Preliminary 
Amendment, please charge same to our Deposit Account No. 19-3935. 



Respectfully submitted, 



STAAS & HALSEY LLP 





Richard A. Gollhofer 
Registration No. 31,106 



1201 New York Ave, N.W., Suite 700 
Washington, D.C. 20005 
Telephone: (202)434-1500 
Facsimile: (202)434-1501 
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10/ 566357 

ECIFICATION ^UUO 



MARKED-UP SUBSTITUTE SPECIFICATION 

D e script i on TITLE OF THE INVENTION 

ARRANGEMENT AND METHOD FOR CONTROLLING TRANSMISSION AND/OR 
RECEPTION OF SIGNALS IN A RADIO COMMUNICATIONS SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is based on and hereby claims priority to European Application No. 
03017292 filed on July 30, 2003, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The invention relates to an apparatus and a method for controlling transmission 
and/or reception of signals in a radio communication system, especially for application in base 
stations of mobile radio communications systems. 

2. Description of the Related Art 

[0003] In radio communications systems, signals are exchanged between radio terminals 
and base stations via a so called radio interface or air interface. Radio terminals are in general 
mobile or stationary user terminals (UE - user equipments), whereas base stations (NB - Node 
B) are access stations associated with a land based communication network. Examples of 
known radio communication systems are second generation digital mobile radio communica- 
tions systems like GSM (Global System for Mobile Communication) based on TDMA (Time 
Division Multiple Access) and providing data rates up to 100 kbit/s, and third generation digital 
mobile radio communications systems like UMTS (Universal Mobile Telecommunication 
System) based on CDMA (Code Division Multiple Access) with data rates up to 2 Mbit/s. 

[0004] Antenna arrays can be used in any type of system that transmits and/or receives radio 
frequency signals using one or a plurality of antennas. The use of antenna arrays in above 
described systems provides for antenna performance improvements over the use of a single 
element antenna, including improved directionality, signal to noise ratio and interference 
rejection for received signals, as well as improved directionality, security, and reduced power 
requirements for transmitted signals. Antenna arrays can be used for signal reception only, for 
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signal transmission only, or for both signal reception and transmission. Most antenna array 
systems consist of an antenna array and a signal processor that processes the signals going to 
and coming from individual array elements. 

[0005] Thus, an antenna array is composed of a number of so called antenna elements, each 
connected to a radio frequency (RF) transceiver (transmitter/receiver). In reception mode, the 
receivers obtain RF signals from each antenna element and apply a down conversion of the 
received signals to base band signals. In the base band, demodulated signals are then com- 
pared with each other in amplitude and phase. The information on the direction of arrival (DOA) 
of the incoming signal, i.e. the direction of the transmitting station, is contained in the 
relationship between the received signals. In transmission mode, this information is 
subsequently used for beamforming (BF) in the direction of the received signal by correctly 
weighting base band signals for the different transmitters connected to the antenna elements. 

[0006] The procedure described above can only be feaJise4-reaJjzed_with a certain accuracy 
if the characteristics of the individual transmitters and receivers are known, so that these 
characteristics can be taken into account for the DOA and BF algorithms. To be precise, 
transfer functions (in amplitude and phase) from antenna elements to the base band outputs of 
the receivers as well as transfer functions from the base band inputs of the transmitters to the 
antenna elements must be known. During operation these transfer functions are subject to 
parameter variations (drift) of active and passive elements in the transceivers and cables. 
Therefore, transfer functions have to be continuously or at least periodically determined during 
operation of the transceivers. 

[0007] Two different approaches of calibration procedures are known in the art. According to 
a first procedure, a known signal is fed to a test antenna (calibration antenna) which is arranged 
close to or as part of the antenna array (known from prior art documont US-A-6236839) or is 
separated from the antenna array (known from prior art document US-A-5546090). The base 
band signals carry information about the transfer functions of the individual receiver paths, 
which can then be compared and adjusted. This procedure is called RX calibration. 

[0008] According to a second procedure, known signals are fed to the individual antenna 
elements and received by a test antenna. The test antenna could thereby be located as 
described above. 
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[0009] The received signals carry the information about the individual transfer functions of 
the transmitter paths, which are subsequently compared and adjusted. This procedure is called 
TX calibration. 

[001 0] Both calibration procedures can be featised-reajjzed_either simultaneously, which is a 
preferred solution in systems using frequency division duplex (FDD), or consecutively as 
preferred in systems using time division duplex (TDD). 

[001 1] Configurations enabling the above described procedures are shown in FIGS, 2 and 3. 
According to these configurations, a calibration antenna is connected by m o ane of a duplexer or 
switch to calibration transmitter (TXc) and receiver (RXc) circuits operating in the radio 
frequency range. Signals from/to the calibration antenna are processed in a calibration 
processor operating in the base band. The eatibfaten- calibration processor is connected to a 
beamforming processor that processes signals from/to the individual antenna elements (#1...#n) 
of an antenna array of e.g. a base station. Coefficients representing the determined variations 
are stored in lookup tables. 

[0012] In a RX calibration procedure (FIG, 2, the signal flow is presented by broken lines), 
the calibration processor initiates the transmission of test signals from the calibration antenna 
over the air interface to the individual antenna elements of the antenna array. The received test 
signals are then fed back to the calibration processor by means-ef-the beamforming processor. 
Within the calibration processor, transfer functions of the individual receiver paths are 
determined and evaluated and stored in a lookup table in order to be taken into account for 
normal operation of determining directions of arrival. 

[001 3] In a TX calibration procedure (FIG, 3, the signal flow is presented by broken lines), the 
calibration processor initiates the transmission of test signals from each of the antenna 
elements which are received by the calibration antenna. The received signals containing 
information about the transfer functions of the individual transmitter paths are then evaluated in 
the calibration processor and stored in a lookup table in order to be taken into account for the 
normal operation of beamforming. 

[001 4] The described procedures suffer from the fact that cpocial i sed specialized calibration 
means have to be integrated within each base station, thereby causing additional costs and 
space requirements. 
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[0015] It is therefore an object of the invention to provide calibration arrangements which do 
no suffer from the above stated disadvantages. Tl . i o objoct ic a dd ror rod by tho arrangement : 
and m e thod according to tho foaturoo of tho i ndopondont c h i ms - 

SUMMARY OF THE INVENTION 

[0016] According to a first and second aspect of the invention, an arrangement and a method 
for controlling transmission and/or reception of signals in a radio communication system is pro- 
vided. The arrangement thereby eonsists^includes.transceiving means and antenna 
elements, wherein at least one of the transceiving means is additionally connected to a 
calibration antenna. The arrangement furthermore c^sists^indudes.a calibration processor 
for determining variations of the test signals in the transceiving means, and a beamforming 
processor for taking into account the determined variations for beamforming and/or 
determination of direction of arrival of respectively transmitted and received radio signals by the 
antenna elements. 

[0017] The usage of transceiving means normally used for transmission and reception of 
radio signals to/from other radio stations for transmitting and/or receiving test signals via a 
calibration antenna in calibration procedures allow the saving of additional space and costs 
required for separate calibration transceiving means used in the prior art. 

RRIEF DESCRIPTION OF THE DRAWINGS 

[0018] f u rt h e r ac pcct c fifth" invention ™ dfeetesed in the fol l o wing doc c ri p t in n n f the 
fiyurcc Tho invention may be umlrrrtnnd mnm rmdily These and vafkws-other aspects and 
features of the present invention may-wiLbecome moreapparent and more readily appreciated 
from consideration of th~ following description a nd the f i g u r nr n n nh n wn of the preferred 
.mhndiments. taken in conjunction with t he accompanying u. a wing r h ootr, wh o rein dmwinqs of 
which : 

FIG. 1 snows-isa block diagram of a radio communication network, 

FIG. 2 shews-is_a hinr.k diagram showing signal flow for RX calibration in an 

arrangement known in the art, 

FIG. 3 sn©ws-is_a hinr.k diagram showing f urther signal flow for TX calibration in an 

arrangement known in the art, 

FIG. 4 6*ew6 -is_abjock diagram of an arrangement according to the invention in a TX 

calibration procedure, 
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FIG 5 6tew& 4sablock diagram of t he arrangement according to the invention in a RX 

calibration procedure. 

FIG. 6 eh^ .i Ra data diagram of t he structure of a time frame of a TDD radio 

communication system, 

FIG. 7 ^ ^ic a hinr.k diagram of t he arrangement according to the invention with 

additional amplifiers arranged close to the antenna elements, 

FIG 8 ot^ -i^ Nock diagram of t he arrangement according to the invention with a 
plurality of calibration processors for simultaneous calibration in different radio frequency bands, 
and 

FIG, 9 stews-is ° NnHc diagram showing the arrangement of FIG, 8 with an opt.cal link 
connection between multiplexer means. 

DFTAILED DESCRIPTION OF THE PREFERRFD EMBODIM ENT 

[0019] P»ferpnr. ft will now be m a d ft in detail to the preferred embodiments of the present 
invpntinn examolp* whir.h are illus t ^H in th* accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

[00201 FIG. 1 shows the basic structure of a mobile radio communications system, e.g. a 
GSM system." The system 6ons4s^includes.a central mobile switching center MSC which is 
connected to the public switched telephone network PSTN and other MSCs. Connected to a 
MSC are a plurality of base station controllers BSC, which inter alia coordinate the sharing of 
radio resources provided by base stations BTS (Base Transceiver Station). Base stations BTS 
transmit in downlink DL and receive in uplink UL signals respectively to or from user equipments 
UE situated within an area covered by the base station BTS. In FIG, 1 the base station BTS 
6 ompmes-has_an antenna array A eoHSKm^hmZL* number of antenna elements. The 
antenna array, which depending on the configuration is sometimes also called smart antenna, .s 
used for beamforming of signals transmitted to individual user equipments in order to reduce 
interference caused to signal transmissions of parallel connections to other user equipments. 

[0021] An arrangement according to the invention as shown in FIGS, 4 and 5 is based on 
the structure of FIGS, 2 and 3 described above. In contrast to arrangements known in the art, 
one of the transceiving means TX.RX is not only connected to one of the individual antenna 
elements #1 ...#n, but also to a calibration antenna via a switch S. In a calibration procedure, 
test signals are switched to/from the calibration antenna, whereas in normal operation, signals 
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are transmitted and/or received via the antenna element connected to the transceiving means. 
The switch is feattsed-reaiizelin the radio frequency in any possible way known to the expert. 

[0022] In the following, RX and TX calibration procedures using arrangements according to 
the invention are described with reference to FIGS, 4 to 9. These procedures can be feared 
realized c ontinually or periodically during operation of the transceivers. 

[0023] In a RX calibration procedure, i.e. calibration of the receiving paths of the 
transceivers, the calibration processor or an individual source generates test signals .n the base 
band which are converted into radio frequency band signals by a transmitter TX (.n FIG, 4 the 
transmitter on the right hand side) and fed to the calibration antenna via a switch S. After 
transmission over the air interface, the test signals are received by the individual antenna 
elements #1 ...#n and downconverted in the individual receivers RX into base band s,gnals 
again The beamforming processor connected to the transceiving means provides the rece,ved 
signals that contain information about transfer functions of the individual signal paths to the 
calibration processor, in which the differences in receiver characteristics are determined, 
information about the determined differences are then stored in a RX coefficient lookup table 
and fed back to the beamforming processor in order to be taken into account for normal 
operation of determining directions of arrival of radio signals from user equipments ,n 
communication with the base station. As coefficients, e.g. maxima of phase and amplitude 
differences of coupling coefficients are determined by the calibration processor. 

[0024] It can be seen from FIG, 4 that the arrangement according to the invention makes 
simultaneous use of the transmitting as we., as the receiving path of the transceiver on the nght 
hand side. 

[0025] In a TX calibration procedure, i.e. the calibration of the transmitting paths of the 
transceivers, the calibration processor or an individual source generates base band test signals 
that are fed to the transmMing means TX of the transceivers via the beamforming processor. 
The calibration processor is thereby .ealieed^j^within the beamforming processor or as a 
separated unit that is connected to the beamforming processor. 

,002$1 The test signals are upconverted into radio frequency band signals by the transmitting 
means TX and fed to the individual antenna elements #1 .. ,#n. After transmission over the a,r 
interface, the test signals are received by the calibration antenna, fed to the receiver RX v,a a 
switch S and downconverted in the receiver RX again into base band signals. From these 
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received test signets, the calibration processor determines deferences in transmrtter 
characteristics and stores information about the determined differences in a TX coeftaent 
lookup tabie in order to be taken into account for normal operation of beamforming of radio 
signals to user equipments b» the beamforming processor. As coefficients e.g. maxima of 
phase and amplKude differences of coupling coefficients are determined by the cahbrabon 
processor. 

,00271 Hftfigure.6 shows the structure of a time frame of a TDD (Time Division Duplex) 
system known from the third generation UMTS TDD-LCR (TDD-Low Chip Rate) standard and 
,he ohineee-ChMese TD-SCDMA standard. The time frame consists of seven times* 
TSO TS6 which are allocated either in uplink (t). i.e. from the user equipments to the base 
station, or in downlink U), i.e. from the base station to the user equipments. After the M 
tim es,o. TSO, which according to the standard is always used for downlink transmission, 
switching point is provided wKh a special downlink pilot timeslo. DwPTS, uplink 
UpPTS and an extended guard period gap in between. According to the invention. th,s 
extended guard period gap is partly or entirely used for the transmission of test signals (, as 
caned ca, frame) for RX and TX calibration. As an advantage, the usage o, «» 
period for the transmission and reception of calibration test signals reduces nerther the overall 
transmission capacity of the time frame nor the performance of the system. 

[00281 Afurther arrangement according to the invention is disclosed in F* 7 In this case, 
power amplifiers PA, LNAoperating in the radio frequency range are arranged close tothe 
antenna elements #1 _Jh and normally mounted on a tower remote from the base stabon. 
Tbese power ambers are often called tower mounted amplifiers. The conne*n, beta^n he 
remote power amplifiers and the transceivers located in the base station is reakee^re^e.g. 
by individual coaxial cables as shown in FIG, 7. Accordingly, also the Vibration antenna 
arranged close to the antenna elements is connected to one of the transceivers v,a a coax,al 
cable. I. is not neceesary to prot.de separate power amplifiers for the transmissron and 
recepbon of test signa,s since the required transmission p*wer is restncted and cou, be e s„ y 
provided by the transmiber TX in the transceiving means. Moreover, the loss of the coaxial 
cables does no, have any negative influence on me measurements in general and e.g. ose 
figures of *e receiver. In this configuration, transmitting and receiving paths vana one takrng 
into account all receiving and bansmitting means can be determined in the calibration 
processor. 
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[0029] Because the transceiving means TX, RX only operate in a single frequency band at a 
time the TX calibration procedure is configured in that the calibration processor controls the 
transmitting means TX in that only one transmitting mean TX transmits test signals to the 
calibration antenna at a time in order to separate the received signals of the indiv.dua. 
transmitting means TX in time. With reference to FIG, 6, e.g. different transmitting means TX 
transmit consecutively test signals in the transmission gap. 

[0030] In an RX calibration procedure, test signals are transmitted from the calibration 
antenna in a certain frequency band, received by all receiving means RX at the same time and 
analy6e4-analyzed_concurrently in the calibration processor. From one time frame to another, 
test signals are transmitted in different frequency bands in order to calibrate the transm.ss.on 
and/or reception paths for all carriers used. 

,00311 Since the re *a^rej!sa!i fi n.of TX and RX calibration procedures for a plurality of 
frequency banda would require the usage of a large number of consecutive time frames, FIG, 8 
discloses a further implementation alternative. Instead of just one calibration processor and 
^responding lookup tables for storing detemtined coefficients, a number m of base band 
signal processing units are reaUaea^eallzed.and connected to the transceiving means TX, RX 
e g via a base band multiplexer. Preferably, the number of base band signal processing umts. 
e^^^includM-inter alia beamforming and calibration processors as well as lookup tables, 
is chosen according to the number of frequency bands in which the multicarrier transceivers 
operate. 

,0032] The usage of a plurality of base band signal processing units enables the application 
of simultaneous calibration procedures in a number of frequency bands. This could be reaped 
reafeedin that the transceivers TX, RX process m carriers simultaneous* and the 
corresponding base band signals are multiplexed to different signal processing units, each 
operating for a particular frequency band. The signal processing unte then realise-reajee a 
calibration for the individual frequency bands of the corresponding carriers. 

[00331 in a TX calibration procedure, test signals in different frequency bands are transmitted 
concurrently by a number or all transceivers, e.g. dependent on the number of base band signal 
processing units. These test signals are received by the calibration antenna and receiving path 
of one of the transceivers, and multiplexed to the individual processing units for the drfferen, 
frequency bands. From one calibration procedure to another, the individual transceivers use 
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different frequencies for the transmission of the test signal, so that characteristics of each 
transmitting path can be af«^anaiyzed.for each frequency band in a relatively short time. 

[0034] In a RX calibration procedure, test signals are transmitted via the calibration antenna 
and received by the individual receiving paths of the transceivers. For each frequency band or 
carrier used for transmission of test signals, one of the calibration processors determines 
individual variations of the characteristics of the receiving paths. 

[0035] According to another alternative implementation of the inventive arrangement shown 
in FIG 9 the base band signal processing units are connected to n remote transceivers via an 
optical link. This optical link arrangement could equally be used instead of coaxial cables 
described with reference to FIG, 7. In the case of FIG. 9, the base band multiplexer described 
with reference to FIG. 8 is divided into a base band transceiver multiplexer arranged close to the 
tower mounted transceivers and antenna elements, and a base band channel multiplexer 
arranged close to the base band signal processing units, preferably in the base station. The 
optical link is thereby rea«sed-rea!ized.by optical transceivers connected to the multiplexers and 
one or a plurality of optical cables. Advantage of the use of optical links instead of coax.al 
cables are e.g. that a smaller number of cables have to be installed for the connection between 
the base station and the remote, tower mounted transceivers and antenna elements, and that 
less insertion losses occur. 
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